Introduction
============

Pyogenic spondylitis is uncommon: the incidence has been reported to be between 0.2 and 2 cases per 100,000 per annum. However, there is evidence suggesting that the incidence is rising, possibly related to the improved life expectancy of patients with chronic diseases^[@B1]-[@B7])^. The recent improvement of radiological, antimicrobial, and surgical techniques dramatically diminished the morbidity and mortality of pyogenic spondylitis. Nevertheless, the disease remains a neurological and life threating condition^[@B8],[@B9])^.

Pyogenic spondylitis arises from haematogenous spread of bacteria at the endplate and subchondral bone of the vertebrae^[@B10])^. The abscess invades directly from the subchondral lesion to the intervertebral disk (avascular in adult) and the infection extends into the epidural and paravertebral spaces. Since the same segmental artery supplies both lower area of the upper vertebrae and upper area of the lower vertebrae, pyogenic spondylitis usually involves two adjacent vertebrae. In the lumbar spine, the valveless structure of Batson\'s venous plexus contributes to early seeding of microorganisms at the subchondral bone where the bacteria are shortly and directly transported from pelvic organs^[@B11],[@B12])^.

Initial treatments for pyogenic spondylitis include conservative approaches such as antibiotic therapy and immobilization of affected spine segment; however, some cases are refractory to conservative therapy. Therefore, it is worthwhile to review the patients for the most appropriated surgical timing by outcome. The objective of this study was to clarify the predictors for achievement of C-reactive protein (CRP) normalization in pyogenic spondylitis by conservative treatment.

Materials and Methods
=====================

This study included 83 patients (51 men and 32 women) aged 23-83 years who were admitted to a single institution with pyogenic spondylitis from 2006 to 2015. Patients who had undergone emergency surgery for pyogenic spondylitis on admission were excluded. The follow-up period ranged from 1.0 to 8.7 years. To diagnose pyogenic spondylitis, we examined blood test, physical, neurological, and radiological findings in the present study. Specifically, patients complained of neck or back pain at the medical interview. Fever and elevation of CRP in laboratory test was present in many cases. For radiological examination, we relied on magnetic resonance imaging (MRI): Pyogenic spondylitis presents a signal decrease in T1-weighted sequences and a signal increase in T2-weighted sequences in the anterolateral vertebral body near endplate at the early stage. Taking these factors into consideration, we diagnosed pyogenic spondylitis.

We defined CRP normalization (NC) as a CRP level decrease to \<0.25 mg/dl. The blood data analysis included the following measurements: white blood cell (WBC), hemoglobin (Hb), albumin (ALB), glutamic oxaloacetic transaminase (GOT), glutamic pyruvic transaminase (GPT), gamma GTP, blood urea nitrogen (BUN), creatinine (Cr), uric acid (UA), alkaline phosphatase (ALP), lactate dehydrogenase (LDH), estimated glomerular filtration rate (eGFR), triglyceride (TG), low-density lipoprotein cholesterol (LDL), high-density lipoprotein cholesterol (HDL), inorganic phosphorus (IP), and hemoglobin A1c (HbA1c) levels.

Since microbiological diagnosis is essential to enable targeted antibiotic treatment, all patients underwent blood culture to identify pathogenic bacteria. On radiological examinations, magnetic resonance images were classified into five categories (stage I-V)^[@B13])^. Stage I-III abscesses describe contained lesions within the posterior longitudinal ligament, while stage IV and V describe extended epidural or paravertebral lesions.

As for conservative therapy, antibiotic therapy that is sensitive for pathogenic bacteria is one of the essential treatments of pyogenic spondylitis. We initially used first generation cephalosporin aiming at common infective organisms, such as staphylococcus and streptococcus. For patients who did not respond to first generation cephalosporin and were infected with unknown bacteria, we used antibiotics targeted to methicillin-resistant staphylococcus aureus.

Statistical analysis
--------------------

Unpaired t-test was used to compare continuous values, and chi-square test was used to compare categorical values between NC and non-NC groups. Multiple logistic regression analysis after adjustment for age and BMI was performed to determine the association of age, gender, number of affected vertebrae, expansion of abscess, serum Alb level, eGFR, serum Hb level and resistant pathogenic bacteria with achievement of NC. In addition, to examine the variables independently associated with the normalization of CRP level, we used multiple logistic regression analysis with age, sex, number of infected vertebral bodies, resistant bacteria, expansion of abscess to the epidural and paravertebral spaces, and serum Hb level as explanatory variables. P values less than 0.05 were deemed to be statistically significant. All analyses were performed using JMP, version 11.0 (SAS Institute Inc., Cary, NC, USA).

Results
=======

A total of 83 patients with pyogenic spondylitis were treated between 2006 and 2015. Of these, 47 (57%) patients achieved NC by conservative therapy (NC group) and 36 (43%) patients did not achieve NC by conservative therapy (non-NC group). We investigated the level of paralysis using Frankel classification. In the NC group, there were 2 patients of Frankel B, 3 patients of Frankel C, 12 patients of Frankel D and 30 patients of Frankel E. In the non-NC group, there were 1 patient of Frankel A, 5 patients of Frankel C, 9 patients of Frankel D and 21 patients of Frankel E. The average of duration of CRP normalization in NC group was 45.1 days. Among the 36 patients in the non-NC group, 14 patients underwent surgery to control infection and/or re-stabilize spine after failure of conservative treatment.

[Table 1](#t001){ref-type="table"} shows characteristics and complications in patients from the NC and the non-NC group. Patients in the NC group were younger than those in the non-NC group. There was no significant difference in the average period from the onset to admission between the NC and non-NC group. The average number of infected vertebrae was 1.90 in NC group and 2.60 in non-NC group. There was significant difference between two groups by using unpaired t-test.

###### 

Characteristics and Complications in Patients with and without NC.

                                                            NC group   non-NC group   P value
  ----------------- --------------------------------------- ---------- -------------- ---------
                    Age (average, yr)                       62.5       68.6           0.0270
                    Men / Women                             34/13      17/19          0.0198
                    Period from onset to admission (days)   65.2       55.3           0.1840
                    Number of affected vertebrae            1.90       2.60           0.0092
  *Complications*                                                                     
                    Diabetes mellitus                       13 (28%)   12 (33%)       0.5766
                    Hypertension                            11 (23%)   11 (30%)       0.4644
                    Heart disease                           7 (11%)    11 (30%)       0.0862
                    Urologic disease                        5 (11%)    4 (11%)        0.9453
                    Hemodialysis                            0 (0%)     5 (14%)        0.0084
                    Collagen disease                        2 (4%)     5 (14%)        0.1175
                    Malignant tumor                         2 (4%)     3 (8%)         0.4390
                    Liver disease                           2 (4%)     2 (6%)         0.7840
                    Hyperuricemia                           2 (4%)     1 (3%)         0.7208

Non paired Students't test was used to compare continuous values, and chi square test was used to compare categorical values between NC and non-NC groups.

NC, CRP normalization.

Of the 83 patients, 81% had complications: 25 patients had diabetes, 22 patients had high blood pressure, 16 patients had heart disease, 9 patients had urinary tract disease, 7 patients had collagen disease, 5 patients had dialysis, 5 patients had malignant tumors, 4 patients had hepatic dysfunction, 3 patients had high uric acid.

Next, we examined the distribution of affected vertebrae. We found that infected vertebrae were predominant on the lumbar spine ([Fig. 1](#g001){ref-type="fig"}). We also examined the laboratory data upon admission. We found significant differences between NC and non-NC groups in the blood data such as Hb (12.0 vs. 10.6), ALB (3.12 vs. 2.85), eGFR (91.2 vs. 71.8), ALP (369.3 vs. 290.1) and Cr (0.9 vs. 1.9) levels by using unpaired t-test ([Table 2](#t002){ref-type="table"}). We next examined the population of pathogenic bacteria found in our patients with pyogenic spondylitis ([Table 3](#t003){ref-type="table"}). Pathogenic bacteria were MSSA (13 patients), MRSA (21 patients), others (5 patients), and unknown (44 patients). The ratio of MRSA in the NC group was significantly higher than that in the non-NC group.

![Distribution of the affected vertebrae in patients with and without NC.\
NC: normalization of CRP](2432-261X-1-0135-g001){#g001}

###### 

Laboratory Data in Patients with and without NC.

                  NC group   non-NC group   P value
  --------------- ---------- -------------- ---------
  WBC (/μL)       10329      11378          0.218
  NEUT (%)        73.9       76.7           0.157
  LYM (%)         18.1       15.6           0.125
  Hb (g/dL)       12.0       10.6           0.0023
  ALB (g/dL)      3.12       2.85           0.035
  GOT (U/L)       30.9       31.0           0.489
  GPT (U/L)       33.9       28.7           0.289
  γ-GPT (U/L)     65.9       50.5           0.210
  ALP (mU/mL)     369.3      290.1          0.030
  LDH (U/L)       207.0      229.6          0.109
  eGFR (ml/min)   91.2       71.8           0.029
  BUN (mg/dL)     18.5       24.4           0.052
  Cr (mg/dL)      0.9        1.9            0.016
  UA (mg/dL)      5.2        5.9            0.310
  TC (mg/dL)      163.5      183.9          0.256
  TG (mg/dL)      152        131            0.284
  LDL (U/L)       94.1       85.2           0.292
  HDL (U/L)       45.2       42.8           0.422
  HbA1c (%NGSP)   7.0        6.1            0.240
  IP (mEq/L)      5.2        3.2            0.091

WBC, white blood cell; NEUT, neutrophil; LYM, lymphocyte; Hb, hemoglobin; ALB, albumin; GOT, glutamic-oxaloacetic transaminase; GPT, glutamic pyruvic transaminase; γ-GPT, γ-glutamyltransferase; ALP, alkaline phosphatase; LDH, lactate dehydrogenase; eGFR, estimated glomerular filtration rate; BUN, blood urea nitrogen; Cr, creatinine; UA, uric acid; TC, total cholesterol; TG, triglyceride; LDL, low-density lipoprotein; HDL, high-density lipoprotein; HbA1c, hemoglobin A1c; IP, Inorganic phosphorus

###### 

Pathogenic Bacteria and Radiological Findings in Patients with and without NC.

                          NC group     non-NC group   
  ---------- ------------ ------------ -------------- --------
  Bacteria                                            
             MSSA         7 (14.8%)    6 (16.7%)      
             MRSA         5 (10.6%)    16 (44.4%)     0.0005
             Others       2 (4.3%)     3 (8.3%)       
             Unknown      33 (70.3%)   11 (30.6%)     
  MRI                                                 
             I, II, III   34 (72.4%)   11 (29.7%)     0.0043
             IV, V        13 (27.6%)   25 (70.3%)     

Chi square test was used to determine differences between NC and non-NC group. NC, CRP normalization; MSSA, methicillin-sensitive staphylococcus aureus; MRSA, methicillin-resistant staphylococcus aureus

To examine the expansion of the infection, we used magnetic resonance images of the spine. As mentioned above, data were classified into two categories; stage I-III and stage IV-V. At stage I-III, abscesses existed in the posterior longitudinal ligament, while at stage IV and V, abscesses expanded to epidural or paravertebral lesions. The ratio of expansion of abscess to the epidural and paravertebral spaces in the non-NC group was significantly higher than that in the NC group.

After adjustment for age and sex, the number of infected vertebral bodies, resistant bacteria, expansion of abscess to the epidural and paravertebral spaces, and Hb level showed significant associations with the NC ([Table 4](#t004){ref-type="table"}). To examine the variables independently associated with the NC level, we used multiple logistic regression analysis with age, sex, number of infected vertebral bodies, resistant bacteria, expansion of abscess to the epidural and paravertebral spaces, and serum Hb level as explanatory variables. We found that expansion of the abscess to the epidural and paravertebral spaces and serum Hb level were independently associated with the normalization of CRP level ([Table 5](#t005){ref-type="table"}).

###### 

Factors Associated with Achievement of CRP Normalization.

                                                         OR     95% CI       P value
  ------------------------------------------------------ ------ ------------ ---------
  Age                                                    1.03   0.998-1.07   0.0638
  Women (vs. Men)                                        1.92   0.77-4.90    0.1624
  Number of affected vertebrae (3 or more vs 2)          5.61   1.60-26.5    0.0059
  Expansion of abscess (MRI Grade IV, V vs I, II, III)   4.20   1.63-11.5    0.0026
  ALB                                                    0.53   0.23-1.15    0.1116
  eGFR                                                   0.99   0.98-1.001   0.0751
  Hb (1g/dl decrease)                                    1.31   1.04-1.69    0.0206
  Resistant pathogenic bacteria                          7.70   1.97-42.4    0.0023

OR was calculated by using multiple logistic regression analysis after adjustment for age and BMI. OR, odds ratio; CI, confidence interval; ALB, albumin; eGFR, estimated glomerular filtration rate; Hb, hemoglobin

###### 

Independent Association of Number of Affected Vertebrae, Expansion of Abscess, Serum Hb Level and Resistant Pathogenic Bacteria with Achievement of CRP Normalization.

                                                         OR     95% CI      P value
  ------------------------------------------------------ ------ ----------- ---------
  Number of affected vertebrae (3 or more vs 2)          3.17   0.75-17.0   0.1183
  Expansion of abscess (MRI Grade IV, V vs I, II, III)   3.40   1.17-10.7   0.0245
  Hb (1g/dl decrease)                                    1.34   0.74-1.04   0.0232
  Resistant pathogenic bacteria                          4.34   0.96-26.0   0.0563

OR was calculated by using multiple logistic regression analysis with age, BMI, number of affected vertebrad, expansion of alscess, serum Hb level and resistant pathogenic bacteria. OR, odds ratio; CI, confidence interval; Hb, hemoglobin

Discussion
==========

In the present study, we examined predictors of success in conservative treatment for pyogenic spondylitis, and found that the number of infected vertebral bodies, resistant bacteria, expansion of abscess to the epidural and paravertebral spaces, and Hb level showed significant associations with the NC. Expansion of abcess to the epidural and paravertebral spaces and serum Hb level were strong predictors for the achievement of NC.

Formerly, pyogenic spondylitis was considered to be a rare disease, however the incidence is likely to increase due to compromised hosts such as an aged population, patient with diabetes mellitus, and patients with renal failure and connective tissue disease using steroid and immunosuppressive drugs. Additionally, the improvement of diagnosis accuracy of pyogenic spondylitis by medical staff and aided by the increased availability of MRI in hospitals may contribute to apparent the increase in prevalence of the disease. The diagnosis of pyogenic spondylitis at the first medical examination is considered to be difficult. In the literature, the average period from first symptom to diagnosis has been reported between two and six months^[@B14])^. In our study the period from the onset to admission was 65.2 days in the NC group and 55.3 days in the non-NC group. In the meantime, pyogenic spondylitis progresses and exacerbation of the disease makes it difficult to cure. Generally speaking, chronic inflammation causes anemia, low concentration of ALB in the blood, and the abscess to expand to the next vertebrae and/or the epidural space. Although our study showed no significant difference between NC and non-NC groups in the period from the onset to admission, there was a significant difference between NC and non-NC groups in the number of affected vertebrae; blood levels of Hb, ALB, and ALP; and ratio of expansion of abscess to the epidural space. These data suggest that patients in the non-NC group might be in later stage of pyogenic spondylitis than those in NC group.

Conservative therapy, such as antibiotic treatment and spinal immobilization, leads to clinical success in approximately 75% of patients of pyogenic spondylitis. The remaining 25% of patients need further therapy including surgery^[@B15])^. Many of patients suffering from pyogenic spondylitis are compromised host. Therefore, rates of complications for surgery for pyogenic spondylitis are high. In the present study of 83 patients, 81% had complications, such as diabetes, high blood pressure, heart disease, urinary tract disease, collagen disease, dialysis, malignant tumor, hepatic dysfunction. These complications may incline surgeons to hesitate to move from conservative therapy to surgery. Because a long period of conservative therapy may cause progression of the disease and extension of hospitalization period, it is useful to clarify the factors that determine the success of conservative therapy for pyogenic spondylitis.

Our study suggests that the expansion of the abscess to the epidural and paravertebral spaces revealed by using MRI was significantly associated with the NC level. MRI is one of the most important examination techniques to diagnose pyogenic spondylitis^[@B16],[@B17])^. Regarding the diagnosis of the pyogenic spondylitis, it has been shown that the sensitivity was 96% and the specificity was 92% by using MRI^[@B18])^. Epidural abscess associated with pyogenic spondylosis can cause neurological symptoms^[@B19],[@B20])^ and an indication for emergency treatment^[@B21],[@B22])^. Uchida et al. reported that stage III represented a threshold with a confined lesion within the segmental compartment, while stage IV and V represent multisegmentally extended lesions^[@B13])^. Although some patients can possibly be treated using conservative treatment, stage IV and V are indications for surgery. Yoshida also reported that almost 70% of stage IV and V patients underwent surgery^[@B23])^.

In conclusion, our study suggests that advanced age, women, the number of affected vertebrae, blood data such as low Hb, low ALB, low ALP, low eGFR, and high Cr levels, high ratio of resistant pathogenic bacteria, and high ratio of expansion of abscess to the epidural and paravertebral spaces are related with NC in pyogenic spondylitis patients. Especially, our results suggest that expansion of the abscess to the epidural and paravertebral spaces is significantly associated with the NC level.
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